VANET (Vehicular Adhoc NETwork) has gained interest all over the world, many projects and research communities are working for the deployment of VANET. The main objective of these projects and researches are to develop protocols and tools to provide adequate wireless communication between vehicles. As we all know that these studies and practices are still simulation based because it's infeasible to use real vehicles for the large scenario in different conditions to develop new algorithms and protocols for VANET. A wireless channel is unsteady and lossy so simulators for VANET require a model of these characteristics. In this paper we have highlighted the need of adequate radio propagation and mobility models for VANET as these two factors play an important role to adopt the protocol suitable for vehicle communication
INTRODUCTION
VANET (Vehicular Adhoc NETwork) is a subset MANET (Mobile Adhoc NETwork). The nodes movements in VANET are predicted as the vehicle moves on road they can't move in random direction unlike in case of MANET i.e. the motion patterns are restricted by road topology. In VANET, or Intelligent Vehicular Ad-Hoc Networking, defines an intelligent way of using Vehicular Networking. In VANET integrates on multiple ad-hoc networking technologies such as WiFi IEEE 802.11 b/g, WiMAX IEEE 802. 16 , Bluetooth, IRA, ZigBee for easy, accurate, effective and simple communication between vehicles on dynamic mobility [20] . Vehicles in VANET act as transceiver and are capable to send, receive and forward the information at the same time while creating a highly dynamic network, which is continuously changing. Vehicles equipped with wireless communication technologies and acting like computer nodes will be on the road soon and this will revolutionize the concept of travelling. VANETs bring lots of possibilities for new range of applications that will sure increase traveler safety, Enhance traveler mobility, Decrease travelling time, Conserve energy and protect the environment, Magnify transportation system efficiency, Boost on-board luxury but it is not enough many other services can be served by using this technology.
VANET needs high cost and great effort for its deployment. The simulation based study is a feasible and useful alternative for the actual deployment. Simulations studies have to cover all the possibilities that are possible on real road i.e. it has to involve large and heterogeneous scenarios (urban, city, highway, rural). The mobility models and radio propagation both can significantly affect simulation results. For results to be useful, it is important that the simulated model is as close to reality as possible.
We have to consider all the facts for vehicles in VANET i.e. movement pattern, node density and node velocity as well as fading scenario in cities etc. These factors require an approach that can model it in same fashion as in real. This paper is an attempt to focus the various possible radio propagation and mobility model available to simulate the VANET and we also highlighted the adequate model suitable in VANET scenario that can help to adopt the protocols or VANET. The paper covers the applications, challenges related work previously done, radio propagation models with their properties, mobility models with their limitations and advantages in VANET respect and proposed radio propagation and mobility model for VANET. Figure1 below represents a VANET scenario example. 
VANET APPLICATIONS
VANETs would support life-critical safety applications, Safety warning applications, electronic toll collection, internet access, automatic parking, roadside service finder, etc. According to various studies and driver's experiences main applications of VANETs can be divided into two main categories [3, 4, and 5] .
Safety and Non-safety The Table1 given below represents the applications of VANET
Table1. Applications of VANET
Table2.shows the comparisons between the above application on the bases of priority, latency, and network traffic and message range.
CHALLENGES OF VANET
Vehicular ad hoc networks behave in different ways than conventional MANETs. Driver behavior, mobility constraints, and high speeds create unique characteristics of VANETs. These characteristics have important implications for designing decisions in these networks. Thus, numerous challenges need to be addressed for inter-vehicular communications to be widely deployed [5] [6] [7] . Table3 represents some of the main challenges related to VANET.
Table3. Challenges of VANET

RELATED WORK
We found few and very good studies that have highlighted the use of radio propagation and mobility models in VANET. In this section of our paper we have mentioned some of those research studies. A research study by Imran Khan and others [9] has analyzed the AODV and OLSR routing protocols performances in highly fading scenario i.e. by using Nakagami propagation model and has focused the limitations of TwoRayGround propagation model. This study doesn't highlight the details of mobility and propagation models used.
Arijit Khan [10] and other members in his graduation project "A comparative analysis of DSRC and 802.11 over Vehicular Ad hoc Networks" has analyzed the performance of DSRC and 802.11 by using Nakagami propagation model in urban and highway for few vehicles, this study fails to give the details of mobility model used.
Christoph Sommer and Falko Dressler [1] in his study have well defined the historical evolution of mobility models in VANET. Though this study hasn't given any importance to radio propagation model but this is good approach and we have also included on our paper details of mobility model defined by them.
Vaishali D. Khairnar and other members [11] in his study has selected mobility model for VANET but this study has only given their idea of the mobility provided by MOVE [12] simulation tools, they didn't cover the mobility model details and also fails to describe the importance of radio propagation model and other mobility model.
RADIO PROPAGATION MODELS
Radio propagation is the behavior of radio waves when they are transmitted, or propagated from one point on the Earth to another, or into various parts of the atmosphere [13] . Like light waves, radio waves are affected by the phenomena of reflection, refraction, diffraction, absorption, polarization and scattering.
Fig 2: Radio Propagation Models Evolution for VANET
Figure2 represents the radio propagation models used and the evolution of it from free space to Nakagami radio propagation for fading scenario. In this section of paper we tried to cover the details of each radio propagation model with their applicability in VANET.
Free Space Radio Propagation
This radio propagation model is earliest model and was used in MANET by researchers in the earliest studies.
The Free Space model represents by equation (1) a signal propagating through open space, with no environmental effects. It has one parameter, called "lineofsight". With this parameter off, terrain has no effect on propagation. With it on, the model uses terrain data solely to determine if a line-ofsight (LOS) exists between the transmitting and receiving antennas. If there is no LOS, the signal is blocked entirely and no communication takes place [14] .
Where P r the received signal is power (in Watt), P t is the transmitted signal power, G r and G t are the gains of the receiving and the transmitting antennas respectively. λ is the wave length, L is the system loss, and d is the distance between the transmitter and the receiver.
Applicability in VANET
This propagation model is not suitable for VANET. The received power is only dependent on the transmitted power, the antenna gains and on the distance between the sender and the receiver. Obstacles are not modeled. In VANET vehicles have to move in city where obstacles are main concerns as the buildings alongside the road will block the transmission or communication.
TwoRayGround Radio Propagation
This radio propagation model is highly preferred in MANET by researchers. This radio propagation model is also used in maximum research studies for protocols performances in VANET scenario. TwoRayGround model is a more realistic than the Free-Space model as it addresses the case when we consider a ground reflected propagation path between transmitter and receiver, in addition to the direct LOS path. This model is especially useful for predicting the received power at large distances from the transmitter and when the transmitter is relatively high above the ground. It is interesting to note that at far distances, the received power becomes independent of the frequency [15] . The received power at distance d is predicted by:
Where ht and hr are the heights of the transmitter and receiver antennas respectively. To be consistent with the free space model L is added here. The above equation shows a faster power loss than Eq. (1) as distance increases i.e. the received power attenuates much more rapidly with distance, compared to the Free-Space model, i.e., attenuates to the fourth power of the distance
Applicability in VANET
The two-ray model does not give a good result for a short distance due to the oscillation caused by the constructive and destructive combination of the two rays. This model assumes that the received energy is the sum of the direct line of sight path and the reflected path from the ground. It takes no account for obstacles and sender and receiver have to be on the same height [16] . We can say this model is also not applicable for VANET.
Shadowing Radio Propagation
This model allows to model many possible scenario that can affect radio signal power for example using path loss value β we can set as well as in building scenario of real communication . Research study by Ibrahim khider and others [17] have well defined it: In this model it is assumed that the average received signal power decreases logarithmically with distance. A Gaussian random variable is added to this path loss to account for environmental influences at the sender and the receiver. The shadowing model consists of two parts. The first one is known as path loss model, which also predicts the mean received power at distance d, denoted by . It uses a close-in distance d0 as a reference. is computed relative to P r (d0) as follows. (3) β is called the path loss exponent, and is usually empirically determined by field measurement. Table4 given below gives some typical values of β larger values correspond to more obstructions and hence faster decrease in average received power as distance becomes larger. Path loss in dB can be measured by given eq n 4
= ( ) β -----------------------------------------
Table4. Some Typical values of path loss β
----------------------------(4)
The second part of the shadowing model reflects the variation of the received power at certain distance. It is a lognormal random variable that is; it is of Gaussian distribution if measured in dB. The overall shadowing model is represented by
Where XdB is a Gaussian random variable with zero mean and standard deviation σ dB . σ dB is called the shadowing deviation, and is also obtained by measurement. Table 5 shows some typical values of σ dB .
Table5. Some Typical values of shadowing deviation σ dB Environment σ dB (dB)
Outdoor 4 to 12
Office, hard partition 7
Office, soft partition 9.6
Factory, line-of-sight 3 to 6
Factory, obstructed 6.8
Applicability in VANET
The shadowing radio propagation model can be used in VANET scenario by varying either β or σ dB values to set the various environment conditions for obstacles. This model will help to check the performance of routing protocols in VANET for example setting β value to 2.7 to 5 to form shadowed urban scenario. This model is very realistic in case of MANET but in VANET we have only outdoor of highly fading scenario.
Ricean and Rayleigh fading models
These two models are fading models, meaning that they describe the time-correlation of the received signal power. Fading is mostly caused by multipath propagation of the radio waves. If there are multiple indirect paths between the sender and the receiver, Rayleigh fading occurs. If there is one dominant (line of sight) path and multiple indirect signals, Ricean fading occurs [17] .
The model behind Ricean fading is similar to that for Rayleigh fading, except that in Ricean fading a strong dominant component is present.
This dominant component can for instance be the line-of-sight wave. Refined Ricean models also consider that that the dominant wave can be a phasor sum of two or more dominant signals, e.g. the line-of-sight, plus a ground reflection. This combined signal is then mostly treated as a deterministic (fully predictable) process, and that the dominant wave can also be subject to shadow attenuation [18].
This signal received over a Ricean multipath channel can be expressed as
where C is the amplitude of the line-of-sight component r n is the amplitude of the n-th reflected wave f n is the phase of the n-th reflected wave n = 1 .. N identify the reflected, scattered waves. Rayleigh fading is recovered for C= 0
Ricean factor (K-factor)
The Ricean K-factor is defined as the ratio of signal power in dominant component over the (local-mean) scattered power. In the expression for the received signal, the power in the lineof-sight equals C 2 /2. In indoor channels with an unobstructed line-of-sight between transmit and receive antenna the Kfactor is between, say, 4 and 12 dB. Rayleigh fading is recovered for K = 0 (-infinity dB).
Applicability in VANET
Vehicle-to-vehicle data communication will mainly consist of the continuous (routine) exchange of telemetric data such as vehicle status, speed, and acceleration. Interfering signals will be present from vehicles within the platoon and from outside the platoon (from vehicles in other lanes). Vehicles with bumper mounted directional antennas are considered. The vehicle-to-vehicle radio link can be modeled statistically as a Ricean fading channel by setting large K-factor value as the dominant component in the Ricean fading channel is likely to be relatively strong compared to the reflected signal, and the delay spread is likely to be relatively small because reflections occur in the immediate vicinity of the transmitter and receiver antenna [18].
Nakagami Radio Propagation
This radio propagation model is well defined in [19] and given as: Nakagami is a mathematical general modeling of a radio channel with fading. Compared to the existing models (shadowing and two-ray ground), Nakagami RF model has more configurable parameters to allow a closer representation of the wireless communication channel. It is able to model from an perfect free space channel, to a moderate fading channel on highway, even to a dramatically fading channel in urban communities. Nakagami distribution is defined by the following probability density function:
The corresponding pdf (probability density function) of power (square of the signal amplitude) at the given distance can be obtained by a change of variables and is given by a gamma distribution of the following form:
Ω is the expected value of the distribution and can be interpreted as the average received power. m is the so called shape or fading parameter. The values of the parameters m and Ω are functions of distance. So the Nakagami model is defined by two functions: Ω (d) and m (d).
• 
Applicability in VANET
This model is able to from a perfect free space channel, to a moderate fading channel on highway, even to a dramatically fading channel in urban communities. By varying shape factor m value we can form highly fading scenario like urban or city as well as free way of highway. This radio propagation model we can say is highly applicable for the use in protocol performances in VANET.
MOBILITY MODELS
Selection of proper mobility is equally important as selection of suitable radio propagation model for VANET. In this section of our paper we have described the historical evolution of mobility model used inVANET and it is well defined in the study by Christoph Sommer and Falko Dressler [1] and is given as follows:
Simulations of VANET scenarios are concerned with the accurate modeling of single radio wave transmissions between nodes and, therefore, require exact positions of simulated nodes. Only microscopic simulations, which model the behavior of single vehicles and interactions between them, can be considered as an adequate mobility model for simulated VANET nodes [1] .
The historical evolution of mobility models used in simulations of VANET protocols and application is illustrated in Figure3. 
PROPOSED RADIO PROPOGATION AND MOBILITY MODEL FOR VANET
We after this study found that the Nakagami is suitable and realistic radio propagation model for VANET and the bidirectional coupled simulation approach of mobility model will help to form realistic scenario of VANET and can be used for various applications like hazardous and accident scenario on road. By using these two factors in proper manner the protocol performances will be accurate and help the organizations to adopt the better protocol for VANET.
CONCLUSION
This paper has highlighted various radio propagation models and mobility models and explained their features in respect to VANET. Most of these radio propagation models are now bundled with network simulator ns-2 and some simulation tools are also available for VANET like MOVE, TraNS and Veins that can help researchers to check the performance of routing protocols using these proposed and appropriate models for VANET.
